Abstract We present the results of CCD U BV observations of the open cluster NGC 6819. We calculated the stellar density profile in the cluster's field to determine the structural parameters of NGC 6819. Using the existing astrometric data, we calculated the probabilities of the stars being physical members of the cluster, and used these objects in the determination of the astrophysical parameters of NGC 6819. We inferred the reddening and metallicity of the cluster as E(B − V ) = 0.130 ± 0.035 mag and [F e/H] = +0.051 ± 0.020 dex, respectively, using the U − B vs B − V two-colour diagram and UV excesses of the F-G type main-sequence stars. We fit the colour-magnitude diagrams of NGC 6819 with the PARSEC isochrones and derived the distance modula, distance and age of the cluster as µ V = 12.22 ± 0.10 mag, d = 2309 ± 106 pc and t = 2.4 ± 0.2 Gyr, respectively. The parameters of the galactic orbit estimated for NGC 6819 indicate that the cluster is orbiting in a slightly eccentric orbit of e = 0.06 with a period of P orb = 142 Myr. The slope of the mass function estimated for the cluster is close to the one found for the stars in the solar neighbourhood.
. Its age and location in the Kepler field makes it one of the most suitable clusters for investigating stellar models and for astroseismic studies of stars in different stages of their evolution. The colour excesses, distance moduli, distances, ages, metallicites and radial velocities obtained for NGC 6819 in the previous studies are summarized in Table 1. NGC 6819 has also often been monitored for stellar seismological studies and to search for variable Burkhead (1971) , (2) Lindoff (1972) , (3) Auner (1974) , (4) Rosvick & Vandenberg (1998) , (5) Bragaglia et al. (2001) , (6) Kalirai et al. (2001) , (7) Kang & Ann (2002) , (8) Basu et al. (2011) , (9) Yang et al. (2013) , (10) Balona et al. (2013) , (11) Rodrigues et al. (2014) , (12) Anthony-Twarog et al. (2014) , (13) Bedin et al. (2015) , (14) Friel et al. (1989) , (15) Friel & Janes (1993) , (16) Glushkova et al. (1993) , (17) Thogersen et al. (1993) , (18) Hole et al. (2009) , (19) Lee-Brown et al. (2015) .
stars (e.g., Street et al. 2005; Talamantes et al. 2010; Basu et al. 2011; Hekker et al. 2011; Stello et al. 2011; Miglio et al. 2012; Corsaro et al. 2012; Sandquist et al. 2013; Wu et al. 2014a,b) . Note that Gosnell et al. (2012) discovered X-ray sources within the cluster's half-light radius. Although detailed photometric analysis of a cluster is very important to study the stellar models, spectroscopic study of the members of a cluster can give valuable information for the metallicity and radial velocity of the cluster (see Table 1 ). Recently, Lee-Brown et al. (2015) analyzed high-dispersion spectra of 333 stars in NGC 6819 to determine the abundances of iron and other metals from spectral features in the 400Å region surrounding the Li 6708Å line. They found its metallicity to be [F e/H] = −0.02 ± 0.02 dex using a sub-sample restricted to main-sequence and turnoff stars.
Here, we report the results of CCD U BV observations of the open cluster NGC 6819 since it is located in the Kepler field (Borucki et al. 2011 ) and the mean radial velocity and metallicity of the cluster is determined from the high resolution spectra of a considerable number of cluster's members brighter than V ∼ 16.7 mag (Lee-Brown et al. 2015) . The availability of photometric and spectroscopic data encouraged us to re-calculate the cluster's astrophysical and kinematical parameters.
We calculate the membership probabilities of the stars in the cluster's field based on their proper motions and the mean radial velocity of the cluster. We find the reddening and metallicity of NGC 6819 following two independent methods. We infer its distance modulus and age by fitting stellar isochrones to the observed CMDs of the cluster, while keeping the reddening and metallicity constant (Yontan et al. 2014; Bostancı et al. 2015) . With this method, we believe that the parameter degeneracy/indeterminacy in the simultaneous statistical solutions (cf. Anders et al. 2004; King et al. 2005; Bridźius et al. 2008; de Meulenaer et al. 2013; Janes et al. 2014 ) of the astrophysical parameters of NGC 6819 can be reduced.
In Section 2, we summarize the observations and reductions. We present the CMDs, structural parameters of NGC 6819, and the membership probabilities of the stars in the cluster field in Section 3. In section 4, we measure the astrophysical parameters of the cluster. We summarize our conclusions in Section 5.
Observations
CCD U BV observations of the open cluster NGC 6819 were carried out on 18th May 2015 using the 1m Ritchey-Chrétien telescope (T100) of the TÜBİTAK National Observatory (TUG) 2 located in Bakırlıtepe, Antalya/Turkey. The telescope is equipped with an SI 1100 CCD camera (back illuminated, 4k×4k pixels) operating at −90 deg C. Overall the imaging system has a pixel scale of 0.
′′ 31 pixel −1 , resulting in a total field of view of about 21 ′ × 21 ′ . The readout noise and gain of the CCD are 4.19e − and 0.55 e − /ADU, respectively. The field of the cluster was observed using both short and long exposures in each filter in order to be able to cover the widest possible flux range. Log of observations is given in Table 2 . The night was moderately photometric with a mean seeing of 1 ′′ .6. A V -band image taken with an exposure time of 360s is shown in Fig. 1 . (Lang et al. 2009 ) software were used together with custom written python scripts. Several standard stars selected from Landolt (2009) were also observed during the night to determine the atmospheric extinction and transformation coefficients of the observing system. IRAF software packages for aperture photometry were used to measure the instrumental magnitudes of the standard stars. Source Extractor (SExtractor) 6 and PSF Extractor (PSFEx) (Bertin & Arnouts 1996; Bertin 2011) together with custom written python and IDL scripts were used to detect and measure fluxes of all the objects in the field of the cluster and create final source catalogs. Also aperture photometry of a number of well separated stars in the field was performed, in order to make aperture corrections to the instrumental magnitudes obtained from PSF photometry. Finally, the following equations (Janes & Hoq 2011; Janes et al. 2013) were used to transform the instrumental magnitudes and colours of stars to the standard photometric system:
where U, B and V denote the magnitudes in the standard photometric system, u, b and v the instrumental magnitudes and X the airmass. k and k ′ are primary and secondary extinction coefficients while α and C are transformation coefficients to the standard system. The photometric extinction and transformation coefficients for that particular night were obtained applying multiple linear fits to the instrumental magnitudes of the standard stars. The resulting values are given in Table  3 . 
3 Data analysis
Identification of stars and photometric errors
In the field of NGC 6819, we identified 7382 sources and constructed a photometric and astrometric catalogue. We used the stellarity index (SI) provided by SExtractor to detect non-stellar objects, most likely galaxies, in this catalogue. A source with the SI close to 1 is a point source (most likely a star), while an extended object has an SI close to zero (Bertin & Arnouts 1996) . Andreuzzi et al. (2002) and Karaali et al. (2004) showed that the objects with an SI smaller than 0.8 can be assumed to be extended objects. We adopted this limit, to determine objects which are most likely stars. Resulting catalogue contains 7060 stars and is given in Table 4 . The columns of the table are organized as ID, equatorial coordinates, apparent magnitude (V ), colours (U − B, B − V ), proper motion components (µ α cos δ, µ δ ) and the probability of membership (P ). The proper motions of the stars were taken from the astrometric catalogue of Roeser et al. (PPMXL; . The errors of the measurements in the V band and U − B and B − V colours are shown in Fig. 2 as a function of the apparent V magnitude. Mean errors in the selected magnitude ranges are listed in Table 5 . The errors are relatively small for stars with V < 18 mag, while they increase exponentially towards fainter magnitudes. As expected, the largest errors for a given V magnitude occur in the U − B colours of the stars. We compared our photometric measurements with those of Carraro et al. (2013) , Rosvick & Vandenberg (1998) and Yang et al. (2013) in Fig. 3 using all the stars detected both in those observations and ours. Table 6 Means and standard deviations of the magnitude and colour differences between this study and previous studies.
0.083 -0.310 0.036 0.036 0.027 -0.023 0.049 -0.001 Table 5 Mean errors of the photometric measurements for the stars in the direction of NGC 6819. N indicates the number of stars within the V apparent magnitude range given in the first column. In Fig. 3 , values on the abscissae refer to our measurements, while the magnitude or colour differences in the ordinates present the differences between the two catalogues. Mean differences and standard deviations obtained for each of the five panels are also listed in Table 6 . As evident from Fig. 3 , a good agreement is found from the comparison of our measurements with those of Rosvick & Vandenberg (1998) and Yang et al. (2013) . While, the mean magnitude and colour residuals are < ∆ V >= 0.036 ± 0.036 and < ∆ B−V >= −0.023 ± 0.027 mag from the comparison with Rosvick & Vandenberg (1998) , the mean magnitude residual is < ∆ V >= −0.001 ± 0.049 mag from the comparison with Yang et al. (2013) , over the whole star sample. As for the comparison with Carraro et al. (2013) , differences between the two catalogues is striking for ∆ U and ∆ U−B with the mean magnitude and colour residuals of < ∆ U >= −0.478 ± 0.082 and < ∆ U−B >= −0.310 ± 0.083, respectively, over the whole star sample. Note that while transforming the instrumental magnitudes to the standard system Carraro et al. (2013) did not use a B − V colour term, which may be the reason of this discrepancy. In addition, the colour excess E(U − B) = 0.15 estimated in Carraro et al. (2013) is considerably higher than expected from the colour excess (E(B−V )) values derived in the other studies (see Table 1 ), since the colour excess E(B − V ) should be about 0.21 according to the relation E(U −B)/E(B −V ) = 0.72 when E(U −B) = 0.15 mag. Determination of the photometric completeness limit of the data is important to calculate reliably the astrophysical and structural parameters. In order to find the completeness limit of our observations in the V band, we constructed a histogram of V magnitudes (see. Fig.  4) . From this histogram, we concluded that the completeness limit of the V magnitudes is 19 mag as this is the mode of the distribution. Thus, we decided to only use the stars with V ≤ 19 mag for further analysis. With this selection the number of remaining stars for the analysis is 3840 in the field of NGC 6819. 
Cluster radius and radial stellar surface density
We calculated the structural parameters of NGC 6819 by counting the number of stars in different annuli around the center of the cluster. This allowed us to estimate the stellar density profile of the open cluster NGC 6819 using 3840 stars with V ≤ 19 mag in the field. The central coordinates of the cluster were assumed to be as given by Yang et al. (2013) ′′ .88). Then, the stellar density in an area defined by a circle centered on these coordinates with a radius of 1.5 arcmin was calculated. From this central circle, the variation of stellar density using annuli with widths of 1 arcmin was calculated. The last annulus had a width of 0.75 arcmin because of the decrease in the number of stars. These calculations of the stellar density were used to plot the stellar density profile in Fig. 5 . We fitted the density profile in Fig. 5 with the King (1962) model defined as,
where r represents the radius of the cluster centered at the celestial coordinates given above. f bg , f 0 and r c denote the background stellar density, the central stellar density and the core radius of the cluster, respectively. In the fitting process, we used a χ 2 minimization technique to determine f bg , f 0 and r c . The best fit to the density profile is shown with a solid line in Fig. 5 . From this fit, the central stellar density and core radius of the cluster, together with the background stellar density were inferred as f 0 = 13.18 ± 0.46 stars arcmin −2 , r c = 3.65 ± 0.38 arcmin and f bg = 5.98 ± 0.45 stars arcmin −2 , respectively. The core radius of the cluster derived in this study compares with r c = 2.80 ± 0.17 arcmin estimated by Yang et al. (2013) . Assuming a distance of about 2.3 kpc for the cluster (see Table  1 ), the inferred value corresponds to a core radius of r c = 2.44 ± 0.26 pc, which compares with the core radius of r c = 1.75 pc found by Kalirai et al. (2001) . 
CMDs and membership probabilities
We constructed V vs U − B and V vs B − V CMDs to derive the astrophysical parameters of NGC 6819. The CMDs of NGC 6819 are shown in Fig. 6 . The filled circles in Fig. 6 show the 248 stars in our field of view, whose high-dispersion spectra were analyzed by Lee-Brown et al. (2015) . An inspection by eye suggests that the cluster is rather dense and its main sequence and giant stars can be easily distinguished. The turn-off point including a small group of bright and blue stars in the CMDs of the cluster is located between V ∼14.5 and 15.5 mag. Location of these stars in the CMDs are very important in the age determination of the cluster.
Red clump (RC) stars can be used as standard candles for distance estimates (i.e. Paczynski & Stanek 1998; Cabrera-Lavers et al. 2005 , 2007 Bilir et al. 2013a; Karaali et al. 2013 ) also their location on a CMD has a crucial importance in fitting the theoretical isochrones. . The RC stars in CMDs of the open clusters can be used to determine the distances and ages of them, since the location of the RC stars on the V vs B −V CMD can be easily found in the colour range 0.7 ≤ (B − V ) 0 ≤ 1.2 mag and the absolute magnitude range 0 ≤ M V ≤ 2 mag (Bilir et al. 2013b ). Here, (B − V ) 0 denotes the de-reddened B − V colour. Thus, RC stars of the open cluster NGC 6819 should be located roughly in the same colour range and between the apparent magnitudes V ∼ 13 and 13.5 of the V vs B − V CMD of NGC 6819. An inspection by eye demonstrate that there are stars in the mentioned colour and apparent magnitude ranges in Fig. 6 . Once we determine membership probabilities of the stars in the direction of NGC 6819, the RC and turn-off stars can be used to confirm the distance and age estimation of the cluster.
In order to use the stars near the RC region and turn-off point of the CMDs, it should be known if they are physical members of the cluster. Moreover, NGC 6819's main-sequence can be better determined with the identification of the likely members of the cluster. Thus, we calculated the probabilities of the stars in the field being physical members of the cluster (P ). In order to do this, we used the method described by Balaguer-Núnez et al. (1998) . In this nonparametric method, both the errors of the mean cluster and the stellar proper motions are taken into account, and the cluster and field stars' distributions are empirically determined without any assumption about their shape. The kernel estimation technique (with a circular Gaussian kernel function) was used to derive the data distributions. The proper motions of the stars were taken from Roeser et al. (2010) . In order to compare our results with those of the algorithm published by Javakhishvili et al. (2006) , we considered rectangular coordinates of the stars in the field, measured in two epochs, first of our observations and second the ones obtained from Roeser et al. (2010) . Consequently, we found excellent agreement. The histogram of the differences efficiently discriminate the members of the cluster from the non-members. The next step is the determination of the most likely members of NGC 6819. For this purpose, we first selected the stars in a circle with a radius of 6 arcmin whose centre coincides with the cluster's centre. The selected radius of 6 arcmin corresponds to roughly two times the core radius of NGC 6819, beyond which the field stars are dominant, as can be seen from Fig. 5 . This circle includes 2345 stars within our catalogue. Fig. 7 shows the histogram of the membership probabilities of the stars in the selected radius for 12 ≤ V ≤ 19 and 15.5 ≤ V ≤ 19 mag, respectively. Here, as noted above, the magnitude V = 15.5 roughly corresponds to the turn-off point of the cluster, while V = 19 mag is the photometric completeness limit of our measurements. From the histograms in Fig. 7 , we conclude that the stars with P ≥ 50% are likely members of the cluster. We then fitted the zero age main-sequence (ZAMS) of Sung et al. (2013) for solar metallicity to the V vs B − V CMD of NGC 6819 for 15.5 ≤ V ≤ 19 mag using only the stars with P ≥ 50% in order to identify the main-sequence stars of the cluster. Note that these stars are also located in the circle defined above. By shifting the fitted main-sequence to brighter V magnitudes by 0.75 mag, a band like region in V vs B − V CMD was obtained to cover the binary stars (see Fig. 8 ), as well. Hence, we assumed that all stars with a membership probability P ≥ 50% and located within the band-like region defined above are the most likely main-sequence members of NGC 6819, resulting 299 stars. A visual inspection demonstrate that the stars brighter than V = 15.5 mag already left the ZAMS. Thus, we conclude that this magnitude indeed roughly corresponds to the turn-off point of the cluster. Hence, we assumed that all stars brighter than V = 15.5 mag, which are also located in the circle defined above and have a probability of membership larger than P = 50%, are the most likely members of the cluster (74 stars). With this procedure, we identified 373 stars for further analyses which are indicated with red dots in Fig. 8 . 
The reddening
Reddening of the cluster is the first parameter that must be estimated since it effects the two-colour diagram (TCD) and CMDs, from which the remaining astrophysical parameters will be determined. For the determination of the colour excesses E(U −B) and E(B − V ), we used the most probable 299 main-sequence stars in the 15.5 ≤ V ≤ 19.0 magnitude range, which were selected according to the procedure in Section 3.3. The positions of these stars in the U − B vs B − V TCD were compared with the ZAMS of Sung et al. (2013) with a solar metallicity. In order to do this, based on the proximity parameter described in Jordi et al. (1996) , we shifted the de-reddened main-sequence curve of Sung et al. (2013) obtained with the U − B vs B − V TCD of NGC 6819. We calculated the shift in the U − B axis by adopting the following equation (Hiltner & Johnson 1956; Garcia et al. 1988 ):
We show the U − B vs B − V TCD of NGC 6819 for the most probable main-sequence stars of the cluster in Fig. 9 . Using this method, we estimate the following colour excesses: E(U − B) = 0.094 ± 0.025 and E(B − V ) = 0.130 ± 0.035 mag. The errors were estimated by shifting the best fit curve for ±1σ.
Photometric metallicity of NGC 6819
To measure the photometric metallicity of the open cluster NGC 6819, we used the method described in Karaali et al. (2011) . Since this procedure uses F-G type main-sequence stars, we selected 141 of 299 stars with colours 0.3 ≤ (B − V ) 0 ≤ 0.6 mag corresponding to F0-G0 spectral type main-sequence stars (Cox 2000) . The normalized ultraviolet (UV) excesses of the selected stars must be calculated to utilize the method described in Karaali et al. (2011) . The normalized UV excess of a star is defined as the difference between its de-reddened (U − B) 0 colour indice and the one corresponding to the members of the Hyades cluster with the same de-reddened (B − V ) 0 colour index, i.e. δ = (U − B) 0,H − (U − B) 0,S . Here, the subscripts H and S refer to Hyades and star, respectively. Therefore, we calculated the normalized UV excesses of the 141 stars selected as described above and normalized their δ differences to the UV-excess at (B − V ) 0 = 0.6 mag, i.e. δ 0.6 . Fig. 10 shows the (U −B) 0 vs (B −V ) 0 TCD and the histogram of the normalized δ 0.6 UV excesses of the selected 141 main-sequence stars of NGC 6819. We calculated the normalized UV excess as δ 0.6 = 0.014 ± 0.002 mag by fitting a Gaussian to this histogram, which is also shown in Fig. 10 . Here, the uncertainty is given as the statistical uncertainty of the peak of the Gaussian. Then, we estimated the metallicity ([F e/H]) of the cluster by evaluating this Gaussian peak value in the following equation of Karaali et al. (2011) The metallicity corresponding to the peak value for the δ 0.6 distribution was calculated as [F e/H] = +0.051 ± 0.020 dex. The error value of the metallicity was estimated due to the stated errors in the colour excess E(B − V ) by assuming a colour excess that is 1σ higher and 1σ lower and then calculating [F e/H] in each case.
The following relation to transform the [F e/H] metallicities obtained from the photometry to the mass fraction Z (Mowlavi et al. 2012) :
Here, Z is the mass fraction of all elements heavier than helium, which is used to estimate the theoretical stellar evolutionary isochrones. Hence, we calculated Z = 0.011 ± 0.002 from the metallicity ([F e/H] = +0.051 ± 0.020 dex) obtained from the photometry. Since this abundance is very close to the solar value, which is given as Z = 0.0152 by Bressan et al. (2012) , we prefer to use the solar abundance in the determination of the astrophysical parameters of the cluster. In order to compare the photometric and spectroscopic metallicities, we selected the F0-G0 type mainsequence stars in the sample given by Lee-Brown et al. (2015) , who analyzed high-dispersion spectra of 333 stars in the field of NGC 6819 to determine the abundances of iron and other metals and found the cluster's metallicity to be [F e/H] = −0.02±0.02 dex using a subsample restricted to main-sequence and turnoff stars. We identified 141 F0-G0 type main-sequence stars in their sample, for which the mod value of the metallicities is [F e/H] = +0.025 dex, which is in agreement with the metallicity of [F e/H] = +0.051 ± 0.020 dex in this study.
Distance modulus and age of NGC 6819
We already measured the reddening and metallicity of the cluster using its (U − B) 0 vs (B − V ) 0 TCD and the normalized ultraviolet (UV) excesses of the cluster members, respectively. In order to derive the distance modula and age of NGC 6819 simultaneously, we fitted the CMDs of the cluster with the theoretical isochrones provided by the PARSEC synthetic stellar library (Bressan et al. 2012) , which was recently updated (PARSEC version 1.2S, Tang et al. 2014; Chen et al. 2014) . The metallicity and the reddening of the cluster were kept constant during the fitting process. As already noted, large uncertainties in the measured reddening, metallicity, and therefore the age values are marked due to the degeneracies between the parameters when these parameters are determined simultaneously. Thus, we ensured that the degeneracy/indeterminacy of the parameters will be less than that in the statistical solutions with four free astrophysical parameters (i.e. the metallicity, reddening, distance modulus and age) by keeping the metallicity and reddening of the cluster as constants. In Fig. 11 , we overplot the best fit theoretical isochrones for Z = 0.0154 and t = 2.4 Gyr in the V vs B − V and V vs U − B CMDs. The estimated astrophysical parameters of NGC 6819 obtained from the best fits to the CMDs are given in Table 7 . Errors of the parameters were derived by visually shifting the theoretical isochrones to include all the main-sequence stars in the CMDs.
Distance via the Red Clump Stars
In order to confirm the distance estimate of the cluster given above, we utilized the red clump (RC) stars identified in the CMDs since the RC stars can be used as standard candles in distance estimation of the objects associated with them (cf. Alves 2000; Grocholski & Sarajedini 2002; Groenewegen 2008; Yaz Gökçe et al. 2013; Bilir et al. 2013a,b) . Because the absolute magnitude of the RC stars are metallicity dependent especially in the optical bands, Bilir et al. (2013a) developed a V -band absolute magnitude calibration for the RC stars based on their B − V colour and metallicity using the RC stars detected in a number of stellar clusters, as following,
The calibration equation is valid in the ranges 0.42 < (B − V ) 0 < 1.20 mag, −1.55 < [F e/H] < +0.40 dex and 0.43 < M V < 1.03 mag.
The RC stars in the V vs B − V CMD of NGC 6819 occupy a region which is limited with 1.05 ≤ B − V ≤ 1.35 and 13.0 ≤ V ≤ 13.5. This region is indicated with a box in Fig. 12a and includes 19 stars. Seven of these stars with P ≥ 50% are denoted with red Table 7 Colour excesses, metallicities (Z), distance moduli (µ), distances (d) and ages (t) estimated using two CMDs.
CMD Colour Excess
(mag) (pc) (Gyr) V vs U − B E(U − B) = 0.094 ± 0.025 0.0152 12.22 ± 0.10 2309 ± 106 2.4 ± 0.2 V vs B − V E(B − V ) = 0.130 ± 0.035 0.0152 12.22 ± 0.10 2309 ± 106 2.4 ± 0.2 Table 8 The RC stars with a membership probability P ≥ 50% in the field of NGC 6819. ID number, equatorial coordinates, V magnitude, B − V colour and the membership probability of the stars were taken from the main photometric catalogue in this study. The J-band magnitudes were taken from the 2MASS All-Sky Catalog of Point Sources (Cutri et al. 2003) . Absolute magnitudes were estimated using the calibration given by (Bilir et al. 2013a) . circles in Fig. 12 . We constructed the V 0 vs J 0 twomagnitude diagram of these RC candidate stars in order to find whether they lie in the giant region defined in Bilir et al. (2006a) . Here J denotes the J-band apparent magnitude in the Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006 ) photometric system. The equation set given by Bilir et al. (2008) was used to estimate the de-reddened J 0 magnitude. Indeed, positions of the selected stars in the associated diagram (Fig. 12b) suggest that they are evolved stars (see also, Bilir et al. 2006b Bilir et al. , 2010 Bilir et al. , 2011 . We estimated their distances adopting the absolute magnitude calibration given above (Bilir et al. 2013a) , and using the metallicity [F e/H] = +0.051 ± 0.020 dex and colour excess E(B − V ) = 0.130 ± 0.035 mag found in this study. Resulting distances for the RC stars are given in Table 8 . The mean distance of the RC stars in Table 8 is d = 2383 ± 177 pc in agreement with the distance obtained from the theoretical isochrone fits in Table 7 , d = 2309 ± 106 pc. The error value given for the mean distance obtained from the RC stars is the standard deviation of the individual distance estimates of the stars. Thus, we confirm the distance of the cluster estimated by the procedure in Section 4.3 via seven RC stars of the cluster.
Galactic orbit of the cluster
We estimated the parameters of the galactic orbit of the cluster following the procedure described in Dinescu et al. (1999) , Coşkunoglu et al. (2012) and Bilir et al. (2012) . In order to estimate the parameters, we performed a test-particle integration in a Milky Way potential which consists of a logarithmic halo, a Miyamoto-Nagai potential to represent the galactic disc and a Hernquist potential to model the bulge.
To calculate the galactic orbit of an open cluster, its member stars with high membership probability should be used. Moreover, the proper motions and radial velocities of these stars must be available. Thus, we used only the stars whose membership probabilities are larger than P = %90 and already have radial velocities measurements from the high-dispersion spectra by Lee-Brown et al. (2015) . The number of stars in the field of NGC 6819 satisfying these conditions is 12. However, one of them was removed from the list since it is a spectroscopic binary, reducing the number to 11. The data collected for these stars are listed in Table 9 . The columns of the Table 9 are organized as WOCS ID, ID in our study, equatorial coordinates, apparent magnitude (V ), colour (B − V ), proper motion components (µ α cos δ, µ δ ), radial velocity (V r ) and (Bilir et al. 2006a ). The red circles indicate the seven RC stars with P ≥ 50% in both panels. -2.1±3.9 3.9±1.5 98 the probability of membership (P ). The proper motions of the stars were taken from the astrometric catalogue of Roeser et al. (2010) . Mean values of the input parameters for the cluster's galactic orbit estimation were obtained from Table 9 : V r = 2.51 ± 1.48 km s −1 , µ α cos δ = −3.84 ± 4.25 and µ δ = −2.13 ± 4.25 mas yr −1 , and d = 2309 ± 106 pc, respectively. The distance of stars was assumed to be the value found in this study (see Section 4.3). Wu et al. (2009) used almost the same parameters (µ α cos δ = −3.14 ± 1.01, µ δ = −3.34 ± 1.01 mas yr −1 and V r = 4.8 ± 0.9 km s −1 ) to calculate the parameters of the galactic orbit of the cluster. Galactic orbit of the cluster was determined within an integration time of 3 Gyr in steps of 2 Myr. With this integration time, the cluster completes minimum 12 revolutions around the galactic center. Thus, the averaged orbital parameters can be determined reliably. We also determined the galactic orbits of the cluster stars in Table 9 .
Representations of galactic orbits calculated for the selected cluster stars and the cluster itself in the X − Y and X − Z planes are shown in Fig. 13 . In Fig. 13 , X, Y and Z are heliocentric galactic coordinates directed towards the galactic centre, galactic rotation and the north galactic pole, respectively. The cluster's apogalactic (R max ) and perigalactic (R min ) distances were obtained as 8.42 and 7.50 kpc, respectively. The maximum vertical distance from the galactic plane is calculated as Z max = 580 pc. When determining the eccentricity projected on to the galactic plane, the following formula was used: e = (R max − R min )/(R max +R min ). The eccentricity of the orbit was calculated as e = 0.06. This value shows that the cluster is orbiting the Galaxy with a period of P orb = 142 Myr. Although the cluster's orbital parameters are generally in agreement with those estimated by Wu et al. (2009) , the orbital period in our study is considerably shorter than their estimate (220.5 Myr). It is not clear the origin of the difference between the orbital periods estimated in our study and that in Wu et al. (2009) , while the other parameters are generally in agreement.
Luminosity and mass functions of the cluster
The relative number of stars in the unit absolute magnitude range is termed as the luminosity function (LF). The problem in the estimation of the LF of an open cluster is the contamination caused by the field stars that are not physical members of the cluster. The effect of non-member stars was demonstrated in this study using the following procedure. First, we selected the turn-off and main-sequence stars with 15.5 ≤ V ≤ 19 mag located in a circular field of 6 arcmin radius from the centre of the cluster and in the band-like region as defined in Section 3.3. There are 553 stars that satisfy these conditions. Then we removed the stars whose membership probabilities could not be estimated because of the lack of proper motion measurements. This selection procedure resulted in 455 stars with the membership probability P > 0%.
We calculated absolute magnitudes of the mainsequence stars selected with this procedure using the distance modulus µ V = 12.22 ± 0.10 mag in Table 7 , resulting an absolute magnitude range 3.3 ≤ M V ≤ 6.8 mag. We also calculated their masses utilizing the theoretical isochrone of the cluster. The mass range of the stars is found as 0.765 ≤ M/M ⊙ ≤ 1.303 for the cluster. The LFs of NGC 6819 were estimated for the stars with the membership probabilities of P ≥ 20% (N = 381) and P ≥ 50% (N = 299) in order to demonstrate the effect of non-member field stars. Fig. 14 displays the LFs of the cluster.
The mass function (MF) is defined as the relative number of stars in a unit range of mass centered on mass M and represents the rate of star creation as a function of stellar mass. For NGC 6819, we used theoretical models provided by the PARSEC synthetic stellar library (Bressan et al. 2012) to convert the LFs to MFs for NGC 6819. The MFs of the cluster are shown in Fig. 15 . The slope x of mass function was derived from the following linear relation: log(dN/dM ) = −(1 + x) log(M ) + C, where dN represents the number of stars in a mass bin dM with central mass of M , and C is a constant. We found the slopes of the MFs to be x = 1.13±0.64 and x = 1.70±0.78 for the stars with the membership probabilities of P ≥ 20% and P ≥ 50%, respectively. Since these values are roughly in agreement, we conclude that the effect of non-member stars is not important for this cluster. Thus, we adopt the MF slope x = 1.13 ± 0.64 for NGC 6819. Note that this MF slope is close to the value of 1.35 given by Salpeter (1955) for the stars in the solar neighbourhood. Fig. 14 The luminosity functions of NGC 6819 estimated for the stars with the membership probability P ≥ 20% (a) and P ≥ 50% (b). Fig. 15 The mass functions of NGC 6819 estimated for the stars with the membership probability P ≥ 20% (a) and P ≥ 50% (b).
In this paper, we present CCD U BV photometry for the open cluster NGC 6819 and determine structural and astrophysical parameters of the cluster. The astrometric data of the stars were used to estimate their membership probabilities. Additionally, we estimated galactic orbital parameters and mass function of the cluster.
Since the astrophysical parameters of a cluster suffer from the reddening-age degeneracy when they are simultaneously determined by fitting the theoretical stellar evolutionary isochrones to the observed CMDs (cf. Anders et al. 2004; King et al. 2005; Bridźius et al. 2008; de Meulenaer et al. 2013) , independent methods developed for the determination of these parameters are very promising to reduce the number of free parameters. Thus, instead of using the isochrone fits, we inferred the reddening of the open cluster NGC 6819 from its U − B vs B − V TCD, while we determined the metallicity of the cluster utilizing F0-G0 spectral type main-sequence stars (Cox 2000) via a metallicity calibration defined by Karaali et al. (2011) . The metallicity obtained from the photometry is in agreement with the one inferred from the spectroscopic observations (Lee-Brown et al. 2015) and is close to the solar value. Therefore, we assumed the metallicity of the cluster to be the solar value and derived the distance modula and age of NGC 6819 by fitting the theoretical isochrones to the observed CMDs keeping the metallicity and reddening fixed. This method allows us to break in part the reddening-age degeneracy.
A comparison of Tables 1 and 6 reveals that the reddening and metallicity obtained from the independent methods are in agreement with those reported in previous photometric and spectroscopic studies in general. The age and distance modulus of the cluster derived by fitting the theoretical isochrones with the CMDs are in agreement with previous estimates, as well. The main results can be summarized as follows:
1. The central stellar density, core radius and the background stellar density for the cluster are determined as f 0 = 13.18 ± 0.46 stars arcmin −2 , r c = 3.65 ± 0.38 arcmin and f bg = 5.98 ± 0.45 stars arcmin −2 , respectively. 2. The reddening of the cluster was determined as E(B − V ) = 0.130 ± 0.035 mag using the U − B vs B − V TCD. 3. The metallicity of NGC 6819 is inferred as [F e/H] = +0.051 ± 0.020 dex using the UV excesses of the F and G type main-sequence stars of the cluster. This photometric metallicity is in agreement with photometric and spectroscopic metallicities appeared in the literature, in general.
4. The distance modula, the distance and the age of NGC 6819 were derived to be µ V = 12.22±0.10 mag, d = 2309±106 pc and t = 2.4±0.2 Gyr, respectively, by fitting the theoretical isochrones to the observed CMDs of the cluster. We demonstrated that the distance of the cluster is in agreement with the one estimated using only the RC stars of NGC 6819. 5. Precise kinematical data of the cluster allowed for an estimation of its galactic orbit. The cluster's apogalactic (R max ) and perigalactic (R min ) distances, the maximum vertical distance from the galactic plane, the orbital eccentricity projected on to the galactic plane and the orbital period were calculated as R max = 8.42 kpc, R min = 7.50 kpc, Z max = 580 pc, e = 0.06 and P orb = 142 Myr, respectively. 6. The slope of the mass function for the cluster is derived as x = 1.13 ± 0.64. This slope value is close to the value of 1.35 derived by Salpeter (1955) for the stars in the solar neighbourhood.
